A randomised double blind parallel group study was performed to compare the efficacy and acceptability of slow release nifedipine (maximum dose 40 mg twice a day) with those of atenolol (maximum dose 100 mg once a day) as single agents for the treatment of essential hypertension. Of 410 patients recruited almost exclusively from general practices in 22 centres in the United Kingdom 210 received nifedipine and 200 atenolol. Both drugs significantly reduced blood pressure, and control-a reduction of the diastolic pressure to less than 95 mm Hg-was obtained in about 65% ofpatients. Those who received nifedipine had more pronounced reductions in systolic pressure than those who received atenolol. One hundred and forty nine patients who failed to respond adequately to either atenolol or nifedipine in low doses were given both drugs once daily for eight weeks in a fixed combination capsule that contained atenolol 50 mg and nifedipine 20 mg. All patients showed further reductions in blood pressure, although those who were taking 13 atenolol before the combination capsule had more pronounced reductions in systolic pressures. Twenty six patients (12%) were withdrawn because of adverse effects while taking nifedipine compared with 19 (10%) taking atenolol. Flushing and oedema were more common after the calcium antagonist, whereas diarrhoea and dyspepsia were
Introduction
The treatment of essential hypertension using a "stepped care" approach has been advocated for some time.' There has, however, been a radical change because of the increase in the number of drugs such as calcium channel blockers and angiotensin converting enzyme inhibitors that were not included in the original stepped care regimens. In addition, doctors have realised that treatment with several drugs increases the incidence of both non-compliance and side effects.2 3 The tendency therefore has been to keep the number of drugs and the number of doses required to the minimum needed to lower the blood pressure. The cardioselective 13 adrenergic blocking drug atenolol has been extensively used as a first line single drug for the treatment of mild to moderate hypertension. The introduction of the calcium channel antagonist nifedipine in a slow release preparation provided another useful antihypertensive drug used both alone4 and in combination with other agents such as 13 blockers.5 Both atenolol and nifedipine have side effects and may be unsuitable for, or poorly tolerated by, some patients. No study of suitable statistical power, however, has addressed the issue of whether one of these agents might be better than the other as a single treatment of hypertension or whether a combination offers distinct advantages.
Atenolol and nifedipine were therefore evaluated both for their ability to control blood pressure and for the incidence ofside effects. In addition the two drugs were combined in one capsule to see if this would produce an additive effect in reducing blood pressure and decrease the incidence of side effects that occurred when the drugs were given singly. To secure adequate statistical power a much larger clinical study was carried out than is normally used.
Patients and methods

TRIAL DESIGN
Seventy four general practitioners in 22 centres took part in a randomised double blind parallel group study. At each centre a consultant physician was appointed to oversee the study and to advise on clinical problems. Men and women aged 18-75 years whose blood pressures taken at rest on two separate occasions were within the ranges 160/95 and 220/120 mmHg (those under 65) and 180/100 and 240/130 mm Hg (those aged 65 and over) were eligible for the study. They were recruited to the study if they were newly diagnosed or if their blood pressure rose to within those ranges after the withdrawal of their pre-existing medication. Patients with malignant hypertension; those who had had a myocardial infarction or a cerebrovascular accident within the previous three months; those with obstructive airways disease, peripheral vascular disease, or cardiac failure were excluded; women of childbearing age were ineligible. All patients gave fully informed consent and the study had the approval of the ethical committee. and how acceptable they found their treatment during each period of the trial.
STATISTICAL ANALYSIS
The power of the study was calculated using the measurement of diastolic blood pressure taken when the patient was sitting down. From previous studies it was assumed that in this position there was a standard deviation of 10 mm Hg on this element of blood pressure measurement.6 In order therefore to detect a true difference in treatment of 3 mmlHg with a probability of 80% at the 5% level of significance we calculated that 176 patients would be required in each arm of the trial.
All data were recorded in confidential patient record folders; completed files were forwarded to the applied statistics research unit, University of Kent at Canterbury, and stored on a computer. Changes in blood pressures and heart rates from week 4 The trial drugs were packed in a double dummy manner using matching placebos so that both physician and patient were unaware of the treatment during the double blind phase-that is, up to week 12.
Blood pressures and heart rates were recorded at each visit. Blood pressure was measured with a bias free semiautomatic sphygmomanometer (Copal, Japan) or a Hawksley random zero sphygmomanometer. Two readings were taken with the patient sitting down after a five minute rest, and the mean value plus the heart rate were noted. Patients were then asked to stand for one minute, after which the blood pressure and pulse rate were again recorded twice and the average readings noted. In addition side effects, concurrent illnesses, other drugs being taken, and weight were recorded at each visit. Patients were withdrawn from the study if at any time there were intolerable side effects or if additional antihypertensive drugs were needed. The reasons for all withdrawals were recorded. Compliance was assessed by counting the tablets at each visit, and the acceptability of the treatment was assessed by tabulating the patients' answers to questions about how they felt sample t test as the data were normally distributed. For data on the study of the fixed dose combination capsule, the blood pressures and pulse rates were compared for all patients who had completed the study at week 20 with their values at week 12 by Student's paired t test. Patients were labelled as withdrawn if they had died or had serious side effects from the drugs, or if they had severe concurrent illnesses or failed to attend for follow up. A p value of <0 01 was considered significant for reasons given in the discussion. Where interval estimates were appropriate a 99% confidence interval is given.
Results
A total of 459 patients entered the study of whom 232 were assigned to receive nifedipine and 227 to take atenolol. At week 4, 410 patients still had blood pressures sufficiently raised to continue in the study and 210 received nifedipine and 200 atenolol. The demographic data for the two groups at week 4 (table I) show that they were well matched for age, sex, weight, smoking habits, previous treatment, pulse rate, and blood pressure. The fate of all patients during the double blind phase of the study is shown in figure 2 . Forty nine patients were withdrawn before week 4 because of adverse reactions to placebo (11), hypotensive response to the placebo (23), and non-attendance (15). These patients were equally distributed between the two groups. One patient had a non-fatal stroke while taking placebo, and one had severe hypertension. One hundred and eighty one of the 210 patients taking nifedipine (86%) and 174 of the 200 taking atenolol (87%) completed the study at week 12 and it is on the results from these subjects that statistical analyses ofpulse rates and blood pressure measurements are based. Fifty five patients were withdrawn between weeks 4 and 12 for the reasons given below. Of those patients who had been randomised and not withdrawn 87 taking nifedipine (36%) and 86 taking atenolol (43%) were non-responders at week 8 and continued in the study beyond week 12 taking the fixed combination capsule. At week 20, 149 (86%) of this group were still receiving treatment, and it is in this group that comparisons of pulse rates and blood pressure were made between weeks 12 and 20. COMPLIANCE The compliance of each patient was taken as the number of tablets takenx 100+the number of tablets that should have been taken. This was calculated from the number of tablets the patient should have been given according to the trial design minus the number returned according to the patient's record forms. In the entire study group 93% of patients achieved a compliance of greater than or equal to 80%, and 68% achieved a compliance of greater than or equal to 95%. The 80% compliance rates of those taking nifedipine and those taking atenolol were 92% and 94%, respectively.
SIDE EFFECTS
One hundred and twenty one patients experienced side effects while they were taking placebo tablets. The commonest problems were headache (28) and dizziness (17). In addition, 11 patients felt tired and 10 complained of dyspepsia. Eleven patients had such severe reactions while they were taking the placebo tablets that they were withdrawn. These included dizziness (2) , oedema (1) , chest pain (1), aching legs (1), gastritis (1), and diarrhoea (1) ; two complaints were not specified. One patient developed severe hypertension and one had a mild cerebrovascular accident during this phase and both were withdrawn. The patients withdrawn were equally distributed between the two groups, six being randomised to have nifedipine and five to have atenolol.
One patient died from a myocardial infarction while taking atenolol, and 150 patients had complained of side effects by week 8 nifedipine. Fifty five patients (13%) were withdrawn between weeks 5 and 12, of whom 48 had unacceptable side effects from the drug they were taking, six failed to attend for follow up, and there was one death. One hundred and seventy three patients (42% of the total number entered) received the fixed combination capsule. Side effects were reported by 45 patients (26%) at week 16 and 33 (22%) at week 20. Twenty four patients were withdrawn during this phase of the study; one patient had a mild cerebrovascular accident, and one had poorly controlled blood pressure. A further nine were withdrawn because of intolerable side effectsheadache (2), palpitations (1), flushing (1), depression (1), wheeziness (1), dizziness (1), hypotension (1), and unspecified (1). Three patients failed to attend for follow up, and 10 patients were withdrawn at week 16 owing to misinterpretation of the protocol by the doctor. The addition of atenolol in the fixed combination capsule did not appear to reduce the incidence of side effects caused by the calcium antagonist in patients taking nifedipine.
BLOOD PRESSURE AND PULSE RATE
Two hundred and eighty seven (63%) of the patients admitted were reviewed on consecutive visits in clinics during the middle or late morning, and 172 (37%) were reviewed in the afternoon, up to a maximum of 12 hours after taking the last oral dose of treatment. The nifedipine and atenolol subgroups were well balanced for the timing of their blood pressure measurements.
At week 4 the treatment groups were similar with respect to measurements of blood pressures and heart rates (table I). Both groups of patients showed significant reductions in blood pressures measured when they were sitting and standing at week 12 (tables IV and V). Mean heart rates also fell significantly as expected in the group taking atenolol (fig 3) , but there was no change in the group taking nifedipine when compared with results when taking placebo (fig 3) . At week 12 there was no significant difference between the two groups in the mean measurements of diastolic blood pressure taken when patients were sitting or when they were standing (tables IV and V). Patients on nifedipine, however, showed greater reductions in mean systolic pressures than those taking atenolol (table V) .
One hundred and forty nine patients received the fixed combination capsule from week 12 to week 20. There were further significant reductions in all components of blood pressures and heart rates measured at 20 weeks when patients were sitting and standing ( Measuredwhenpatient sitting 14-6(10-4) 12-8 (9-9)
Measured when patient standing 14-2 (10-9) 11-4(11 6) reduction of diastolic blood pressure below 100 mm Hg will reduce the incidence of the vascular complications of hypertension.8 There are many antihypertensive drugs available, and it is important to choose the ones that suit patients best, because they are then more likely to take the drugs, the incidence of side effects will be reduced, and the drugs are more likely to be cost effective.
The number of patients randomised was calculated to show with 95% certainty that a difference of 3 mm Hg between the results of treatment with atenolol and nifedipine was significant. Tests of significance were carried out on several different variables at different times. This multiple testing increased the chance of detecting false positive results-that is, results which appeared significant only because of the inherent random variations in the data. To guard against this the 1% level of significance was used throughout the study rather than the customary 5% level. We hope therefore that we have achieved some protection against the possibility of identifying spurious results. Any formal attempt to determine the precise level of significance for carrying out the multiple tests was complicated by the correlations among different variables in the study and among the same variables over time.
Nifedipine was significantly more effective in reducing systolic pressures. This finding may have been influenced by the criterion of a response to treatment, which was defined in the protocol and depended on reduction in the diastolic pressures, but it is consistent with the different modes of action of the two agents. Heart rates were significantly reduced in those patients taking atenolol, but there was little change among patients treated with nifedipine. Taken alone both nifedipine and atenolol reduced the blood pressure of 60-70% of patients to below 95 mm Hg, and some but not all ofthe remainder responded to a combination ofthe two drugs in low doses. The combination appeared to produce less additional benefit in patients who were first treated with nifedipine alone, perhaps because nifedipine had reduced the pressure further than atenolol alone would have done, or because the dose ofnifedipine in the combination capsule was lower than the dose that patients taking nifedipine alone had received previously.
The incidence of side effects with each drug must be interpreted with caution because patients with illnesses in which either drug was contraindicated were carefully excluded. The overall incidence of side effects was therefore low and the-problems we expected with i blockers were kept to a minimum. In addition the exclusion of patients at high risk of developing side effects on the drugs probably influenced the low rate of withdrawal from treatment between weeks 4 and 12. Similarly, the incidences of deaths, non-fatal cerebrovascular accidents, and myocardial infarctions were extremely low although the study was relatively short. Treatment with the fixed combination capsule resulted in further significant reductions in blood pressures despite the fact that the dosage of each drug was lower in the combination than the patients had received when taking the single drug. Again, the larger reductions seem to have occurred when patients already taking atenolol had nifedipine added to their treatment. This may, however, be due to the fact that the dose of nifedipine in the fixed combination was lower than that taken by patients receiving nifedipine alone. What was clear was that the addition of the f6 blocker to the calcium antagonist did not reduce the incidence of side effects of the vasodilator.
In summary, this study shows that nifedipine and atenolol were both effective singly in treating mild to moderate hypertension in most of the patients to whom they were given, and that careful selection of patients can keep the incidence of the side effects of the 13 blocker to a minimum. In addition, in a combination capsule taken once a day the two drugs were effective and taken in this way they may be a useful adjunct to treatment already available for mild to moderate hypertension.
